The sy nthes is or various derivatives or pe ntafluorophene tole of the type C.FsOCH,C H, R is described. The R group was c hlorin e, bromine, hydroxyl , pe ntafluoroph e noxy , acetoxy, and trifluoroacetoxy. 2-P e ntafluoroph e noxy-l ,1, I-triflu.o roethane and 1,I-bis(pentafluorophenoxy)e than e we re s imilarly sy nthes ized. A study was mad e of the behavior of these e thers toward pyrolysis, acids, and bases. In general, those e the rs co ntaining ,B-hydrogen atoms give pentafluorophenol on pyrolysis. Some compounds, such as 2-pentafluorophenoxyethyl bromide, give rea rranged products as well. Under basic co ndition s, cleavage to pentafluorophenol was observed with aqueous potassium hydroxide , whereas th e use of solid potass ium hydroxide pellets gives de hydrohalogenated produ cts. Conce ntrated s ulfuri c acid ca us es cleavage of most of th e e th e rs employed. 2-Pentatluorophenoxy-l,I,ItriAuoroethan e resists attack both by acids and bases.
Introduction
In a previous report [1),2 we have described the synthesis and polymerization of phe nyl trifluorovinyl ether and pentafluorophenyl trifluorovinyl ether. Although these low molecular weight polymers were not exceptionally stable thermally, the complex mec hanism by which these polym ers decompose was of interest-To aid in the elucidation of this decomposition, two new monomers were synthesized -(1) pentaf1uorophenyl vinyl e ther and (2) 1,2-difluorovinyl pentafluorophenyl ether. The pyrolysis of these polymers, along with that of model compounds, would yield information regarding the relative ease with which hydrogen fluoride or pentafluorophenol (probable breakdown products) are removed from various positions in the polymer chain as the possible first step leading to degradation _
Pentafluorophenyl Alkyl Ethers
The pe ntafluoroph e nyl alkyl e th ers were sy nth es ized as precursors to pe ntafluoroph e nyl vinyl etheL In the past, variou s derivatives of fluorinated ani soles [2] [3] [4] and phenetoles [3 , 5] have been prepared by the nucleo phili c alkoxide attack on hexafluorob e nze ne _ Similarly, we have 'synthesized 2-pentafluorophenoxy-l, l,l-trifluoroethane from hexafluorobenzen e and sodium trifluoroe thoxid e usin g tetrahydrofuran as th e solve nt.
In an attempt to pre pare 2-pentafluorophenoxyethyl bromide by this procedure, difficulties were encoun-1 Based on research supported by the Bureau of Nava l Weapons , Departm e nt of the Navy. Prese nted before the Divi sion of Fluorine C hem istry a t the 148lh ACS Meeting, Chi cago, tll. , Augu5I 1964. 2 Figures in brackets indi cate the lit era ture references at th e end of thi s paper.
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tered in making th e salt of 2-bromoethanoL Apparently, the salt readily decomposes to sodium bromide and et hyl e ne oxide_ Howeve r ,2-pe ntafluorophenoxyethyl bromide was co nve ni en tly syn th esized by th e reverse reaction, i_e_, from potassium pentafluoroph e noxid e and 1,2-dibromoethane. This reaction was found to proceed more rapidly in N,Ndimethylformamide than in tetra hydrofuran _ In thi s reac tion , even th ough a large excess of dibromoethan e was employed, a fair amount of 1,2-bis(pentafiu orop henoxy)e than e was always isolated_ By a similar reaction, attempts to prepare the isomeric I-bromo-l-pe ntafluoroph e nox yethan e failed to yield any of this compound, only the l,l-bis(pentafluorophenoxy)ethane being isolated _ Apparently, when one pentafluorophenoxy group is attached to the carbon atom bearing the bromine atom, the re maining bromine atom is easily displaced by pentafluorophenoxide ion under the basic reac tion-condition s_ Th e fact that some free pentafluorophenol was obtained would see m to indicate that some of the pentafluorophenoxide was depleted, due to some dehydrohaloge nation reaction.
In a like mann er, 2-pentafluorophenoxyethyl c hlorid e was prepared from 1,2-dic hloroethane and potassium pentafiuorophenoxide_ Only the monochloro derivative was obtained in this reaction_ 2-Pentafluorophenoxyethanol was also synthes ized by this method from 2-bromoethanol and potassium pentafiuorophenoxide, excep t that, in thi s case, te trahydrofuran served satisfactorily as th e reac tion medium_ This compound, 2-pentafluorophenoxyethanol, was recently [7] pre pared from hexa fluorobenzen e and e thylene glycol in th e presence of so dium hydroxide _ Both th e ac etate and trifluoroacetate of 2-pentaflu oroph e noxyethanol were prepared in high yield by r e fluxin g the alcohol and the appropriate anhydride for 1 hr.
Since pentafluorophenoxide is considered a weak nucleophile [4, 6] , the choice of either te trahydrofuran or N,N-dime thylformamide as the solvent for these reactions appears to depend on the relative activity of th e halid e to be replaced_ For example, at 90 °C in N ,N-dimethylformamide, the reaction between pentafluorophenoxide and 1,2-dibromoethane is essentially complete in a few hours , whereas the yield of product on re fluxing in tetrahydrofuran for 18 hr was only 10 percent-
Pentafluorophenyl Vinyl Ether
Phenyl vinyl ether [8] [9] [10] and pentachlorophenyl vinyl ether [11 -13] have been prepared previously, usually by the base-catalyzed addition of phenol or pentachlorophenol to acetylene. We have now extended this reaction to pentafluorophenol. Pentafluorophenyl vinyl ether can be prepared in 50 percent yield by this method. The reaction temperature was 200°C, and a fair excess of acetylene was used to control the by-products, mainly 1,1-bis(pentafluorophenoxy)ethane. Previously, methanol [11] and water [12] were the preferred solvents. To prevent possible exchange reactions between potassium pentafluorophenoxide and protonic solvents at high temperature, we have us ed N ,N-dimethylacetamide for this reaction with equal success.
Although the above method for the. synthesis of pentafluorophenyl vinyl ether was satisfactory, we have also investigated alternative methods of preparation. Thes e methods included dehydrohalogenation or cleavage of various substituted alkyl ethers by pyrolytic means or basic reagents, or both. These reactions also gave valuable information regarding the relative stability of the fluoroaryl ethers under these conditions. Furthermore, these compounds may serve as model compounds in studying the decomposition products obtained from the pyrolysis of the polymeric fluoroaryl vinyl ethers.
Pyrolysis
The pyrolysis of a number of these fluoroaryl ethers having various substituents on the alkyl side-chain was performed in a flow system using glass helices, charcoal pellets , or 20 percent potassium hydroxidecharcoal pellets as the column packing. Temperatures ranged from 400 to 600°C. Usually, atmospheric pressure was maintained, but in a few cases, the pyrolysis was done under reduced pressure_ The conditions and the results of the pyrolyses of these pentafluorophenyl ethers are listed in table L For the most part, the pyrolyses appear to follow the paths as outlined in eqs 1 and 2.
In general, more pentafluorophenol than pentafluorophenyl vinyl ether was found in the pyrolyzates. The proportion of each compound appears to depend on the nature of the R group, as well as on the temperature employed in the pyrolysis. At no time have these pyrolyses shown any definite trend in anyone direction, i.e., in preferred scission to pentafluorophenol (except where no l3-hydrogen atoms are present) or pentafluorophenyl vinyl ether. The distribution of products seems to indicate that random scissions occur according to eqs 1 and 2. The pyrolysis products were further complicated by competing secondary reactions , which appeared to yield products which were simple addition products of the olefin formed from the initial pyrolysis, as shown in eqs 3 and 4 (or various combinations thereof), (4) This was especially evident in the case of the bromine derivative (table 1, R = Br). The large proportion of I-bromo-l-pentafluorophenoxyethane formed in this pyrolysis would seem to indicate that both types of reaction (eqs 3 and 4) had occurred. At 500°C, th e chlorine analog (table 1, R = Cl) is mo re sta bl e than the bromine derivative , as a res ult, conv ersion was mu c h lower. Howe ver, pe ntaflu oroph e nol and pe ntafluorophenyl vinyl ether were formed in approximately equal quantities , along with a trace of I-c hloro-I-pentafluorophenoxye thane _ From the pyrolysis of the acetate (table 1, R = OAc), pe ntafluorophenol was u sually th e main produc t, with lesser quantities of th e pe ntaAuo rophe nyl vin yl e th e r a nd acetic acid, along with traces of five other produ c ts (unidentified)_ Wh e n th e acetate was pyrolyzed unde r reduced press ure a t diffe re nt te mpe ratures, no significant change in produ ct di s tributi o n was observed, except that con ve rsions we re lower. At th e same pressure (0_8 mm), a ri se in th e te mperature fro m 550 to 600°C simply in c reased the yield of pentaAuorophenol, so higher te mperatures were not furth er inves tiga ted _ At a high e r press ure (25 mm) and 540°C, th e pyrolys is of th e acetate ga ve essentially the same products as observed a t at mos ph eri c pressure and 560 °C Th e above acetate pyrol yses agree to so me ex te nt with those re ported for 2-phenoxyethyl acetate [1OJ-In our case, th e yield of pentaAuorophenyl vinyl e th e r is hi ghe r and probabl y r e Aec ts th e in creased stability of the vinyl e the r du e to th e rin g Auorin e atoms_ As expected , no products wer e obtain ed which co uld be attributed to th e Claisen [I4J rearran ge me nt-Although Ritc hie [9] has re porte d be nzald e hyde as one of th e breakd own products of 2-phenoxyethyl ace tate, we have been unabl e to iso late any pe ntaAu oro benzald ehyde from th e pyrolysis of 2-pentaAuorop he noxye thyl acetate_
The pyroly sis of 2-pe ntaAuoroph e nox ye th yl triAuoroace tate was ex pec te d to ca use prefe re ntial cleavage at the alkyl-trifluoroacetate bond , to yield pe ntaAuoroph e nyl vinyl e th er in greater quantity_ Actuall y, th e addition al fluorin e atoms s tabilized th e co mpound , in as much as only 30 p ercent conversion to produc ts was obtained at 540 °C/25 mm press ure_ P e ntaAuorophenol , pe ntaAuorophenyl vinyl e th e r, and triAuoroacetic acid were form ed in alm ost equal amounts. Since no selective cleavage was e nco unte red, furth e r pyrolyses of th e acetates were not purs ue d.
The pyrolysis of 2-pentaAuorophenoxyethanol ( Potassium acid s ulfate at 220°C failed to de hydra te th e alcohol, and no produ c t oth e r than 2-pentaAuorophe noxye thanol was recovere d.
In an attempt to e xplain so me of th e foregoin g results , es peciall y the formation of rearran ged produc ts, so me additional pyrolyses we re performed on co mpound s co ntainin g th e pe ntaAuoro ph e noxy gro up (table 2A) . For co mpari so n, so me hydrocarbo n sampl es (ta ble 2B) were also includ ed . It was first beli e ved that so me of th e produ c ts we re brea kd own produc ts of pe ntaAu orop he nyl vinyl e th e r. Ho weve r, thi s co mpound (table 2A, R = CH=C H 2) does not s how a ny appreciable deco mpos iti o n until it is heated to 600°C Similarly, it was th ought that I ,I -bi s OCF . .
I
(pe ntaAuoroJlh e nox y)e than e (ta bl e 2A, R = -CH C H:!), form ed from th e pyrolysis of 2-pentaAuorophenoxye th yl bro mid e (table 1, R = Br), was produced by th e addition of pentafluorophenol to pentaAuorophenyl vin yl ethe r (eq 4, R = C6F 50 -). Howe ver, th e pyrolysis of a 50 pe rce nt mixture of th e tw o (tab le 2A, R = CH= CH2 and H) gave onl y s tartin g materials . Thi s mod e of additi on is not e ntirel y without me rit , s in ce it was s ub seq ue ntly s hown th at I ,I -bi s( pe nta- 
OC6F5
I fluoroph enoxy)ethane (table 2A, R = -CHCH3) decomposes almost quantitatively to pentafluorophenol and pentafluorophenyl vinyl etheL The high yield of olefin formed in this pyrolysis was similar to that obtained by Reppe [11 ] for · I,I-diethoxyethane_
The other r earrange d product obtained from the pyrolysis of 2-pentafluoroph enoxyethyl bromide (table 1, R = Br) was I-bromo-I-pentafluorophenoxyethane_ Simply, this compound may have b ee n form ed as visualized in eqs 3 and 4_ As yet, this has not been proved ex pe rime ntally_ The in stability of a-halo e thers is well known_ Surprisingly, th e pyrolysis of 2-phenoxyethyl bromide (table 2B, R = C H2CH2Br) gave only the I-bromo-I-phenoxyethan e as the main product, similar to the b e havior in th e fluoro carbon series . The two isom e ri c bromides (hydrocarbon) differ greatly in c he mi cal properti es and can readily be distinguished by th ei r behavior with water at room tem perature . I -Bromo-I-phe noxyethane decomposes spontaneously into a red resinous product , with th e lIbe ration of hydrogen bromide, b y th e addition of a trace of water. On the other ha nd , the 2-bromo derivati ve has little tendency toward this type of reaction. In th e fluorocarbon series, 1-bro mo-I-pe ntafluorophe noxye than e does not ex hibit this readin ess to react with water, unlik e th e hydrocar bon analog. However, on storage at 25°C in the dark for several weeks, th e I-bromo-I-pe ntafluorophenoxyethane decomposes to a blackish mass. U nfortunately, I-bro mo-I-pen tafluoro ph e noxye than e was not obtained in th e pure state, so that its thermal stability has not bee n recorded.
S. Discussion
From the results of the pyrolysis of the fluoroaryl e th ers li s ted in table 1, some generalizations are apparent. In these cases, where the reaction path co uld have proceeded in two directions, i.e., according to eqs 1 and 2, pentafluorophenol was us ually obtained in greater quantity. The conversion into products at the temperatures employed also serves as a measure of the thermal stability of the alkyl fluoroaryl ethers. The results in tables 1 and 2 indicate that the pentafluorophenoxy group is a more effective leaving group when in competi tion with the other functional groups (R) shown. This effect appears to be associated with the number and activity of the f3-hydrogen atoms in the molecule. In the pyrolysis of 2-pentafluorophenoxy-I,I,I-trifluoroethane (table 2A, R = CH2CF3) (a compound containing only a-hydrogen atoms with no hydrogen atoms f3 to the oxygen atom), no cleavage to pentafluorophenol was observed, but only dehydroflu orination to the olefin. Similarly, where the f3-hydrogen atoms are attached to a double bond, as in pentafluorophenyl vi nyl ether (table 2A, R = CH =CH2), pentafluorophenol is formed at higher temperatures. However, pentafluorophenetole (table 2, R= CH2CH3) contallllllg three f3-hydro gen atoms, yields pentafluorophenol at lower te mperatures. Pentafluoroanisole also yields a trace of pentafluorophenol, eve n though no f3-hydrogen atoms are available (probably a bimolecular reaction, similar to that of anisole [15] ).
In the case of the iso me ric bis(pentafluorophenoxy) e thanes (1,2 table 1, R = OC6F5 and 1,1 table 2A,  OC6F5 I R = -CHCH3), the position of the R group has a decided effect on the course of pyrolysis. Each pentafluoro phenoxy group in the I-position has three available f3-hydroge n atoms for reaction, whereas, in the I ,2-derivative , each pe ntafluorophenoxy group has only two. On this basis, the I ,I-derivative would be the less stable. Also, the I,l-derivative is an acetal containing two bulky groups, a situation which is in itself conducive to thermal decomposition at lower tempe ratures. A considerable amount of data is available in the literature concerning the pyrolysis of e thers [9, 10, 15 , 16] , as well as of other types of compounds, such as esters, halides, and amides. The decomposition is for the most part considered to be unimolecular, and a cyclic mechanism was proposed [16] . Later work by Bailey [17 , 18] and others [19] has shown the cyclic process to be th e preferre d route. Bailey [18] views the pyrolysis of vi:lyl ethers to occur as follows:
Certainly, a similar mec hani s m may be written for the fluoroaryl ethers,
An alternative mechanism may be written for the fluoroaromatic ethers, as follow s:
This is similar to the mec hanism for the decomposition of alkyl halides proposed by Maccoll [20] . In thi s case, the pentafluorophenyl group is not involved in the transfer of electrons, thereby preserving aromaticity; but a four-membered ring supersedes the more-favored six-membered ring. At present, since both mechanisms involve f3-hydrogen atoms, the products may be explained by either. The fact that no fluorophenols > containing ring-hydrogen atoms were produced would indicate that hydrogen rather than fluorine migration occurs in eq 6, which is expected. The pyrolysis of a more varied group of ethers would be required in order to permit us to ascertain fully which mechanism in predominant.
The mechanism for the pyrolysis of the aryl perfluoroalkyl ethers is different from that reported here for the alkyl fluoroaryl ethers. Sheppard [21] has pyrolyzed a number of ethers (such as phenyl pentafluoroethyl ether), and has found that one of the I primary pyrolytic products is biphenyl (not phenol). In these cases, cleavage occurs at the phenyl-oxygen link, not the alkyl-oxygen bond. The fact that fluorobenzene was also reported as one of the products at higher temperatures (625°C) would indicate that the mechanism(s) for the decomposition of the aryl perfluoroalkyl ethers are more complex than those of the decompo sition of the alkyl fluoroaryl e ther type.
Basic Reagents
The reaction s of some alkyl fluoroaryl ethe rs with potassium hydroxide are li sted in table 3. These ethers could have reacted in any of se veral ways-(a) dehydrohaloge nation to an olefin, (b) cleavage at the ether oxygen atom to a phe nol, (c) attack on the ring fluorine atoms, or (d) various co mbination s of these. Information re garding the stability of these alkyl fluoroaryl e thers toward s basic reagents may aid in elucidating the cleavage reaction found when pe ntafluoroani sole is treated with ammonia [4] or when the fluoro-dihydroxy co mpound s are obtained from the reaction of hexafluorob enzene with alcoholic potassium hydroxide [3] . From the limited number of reactions attempted, only the pentafluorophenoxye thyl bromide shows any reactivity below 200°C. In this case, cleavage to pentafluorophenol is the main route, when potassium hydroxide and water (or paraffin oil) are used. Dehydrohalogenation was the preferred 237 course with solid potassium hydroxide pellets, yielding pentafluorophenyl vinyl ether. Similar results were obtained by Corley [22] with the latter reagent and with 2-chloro-l,1,2-trifluoroethyl phenyl ether. Here again, as proposed earlier [4] , it appears that aqueous, basic systems preferentially lead to aryl ether cleavage. All of the ethers, the synthesis of which is described in this article , along with those prepared previously [4] , were pre pared in basic, nonaqueous solvents, and yet, little cleavage of the ether was observed.
2-Pentafluorophenoxy-1,1,1-trifluoroethane (table 3 The stability of 1,1-bis(pe ntafluorophe noxy)e thane toward aqueous potassium hydroxide was unexpec ted in view of the acidic hydrogen atom prese nt because of the e ffect of th e pentafluorophenoxy gro ups attached to the sa me carbon atom. This be havior toward aqueous bases is more analogous to that of s uch co mpounds as difluorom e thyl e thyl e the r [23] or difluorome th yl phenyl ether [24J , rath e r than to that of an acetal.
Reactions in Acid
From the precedin g section s, data were obtained regarding the stability of these flu oroaryl eth ers under pyrolysis co nditi ons or toward basic reagents. It was desired, therefore, to obtain data concernin g their reactivity with sulfuric acid. P e ntafluoroanisole [3] was shown to be cleaved with hydriodic acid to pentafluoroph enol. Later, hydrobromic or aluminum chloride [25] was also found effectiv e for this reaction. Recently, Tatlow and coworkers [26] have shown that 4-(trifluoromethyl)-2,3,5,6-tetrafluorophenetole cannot be cleaved preferentially without reaction at another part of the molecule [primarily due to the p-(trifluoromethyl) group]. Most of the ethers listed in table 4 are cleaved to pentafluorophenol under the reaction conditions. Only 2-pentafluorophenoxy-1,l,1-trifluoroethane (table 4, R = CH2CF 3) failed to yield any product. The stability of this compound is probably associated with the decrease in basicity of the oxygen linkage due to the added trifluoromethyl group. Cleavage of ethers by acids is usually preceded by oxonium salt formation. The fact that 1,1-bis(penta-OC6F5 I fluorophenoxy)ethane (table 4, R = -CHCH3) decomposes under these conditions is not surprising, since the trifluoromethyl group is a more effective electronegative group than the pentafluorophenoxy group. As such, the lessening in oxygen basicity is not s ufficient to prevent oxonium salt formation and eventual cleavage. 
Polymerizations
In an earlier report [1], the polymerization of phenyl and pentafluorophenyl 1,1,2-trifluorovinyl ethers was described, Usually, cationic or peroxide-initiated catalysis of the monomers gave little or no polymer. However, by the use of high pressure and y-irradiation [27] , these monomers were converted into low molecular weight polymers (DP" ~ 4000).
In line with the abov e results, 1,2-difluorovinyl pentafluorophenyl ether failed to yield any polymer with azobis(isobutyronitrile) (ABIN), Thermally (at no °C) , it appears that only the dimer was formed, As yet, no high-pressure techniques have been employed in the polymerization of this monomer.
Pentafluorophenyl vinyl ether appears to be a more reactive monomer. A white , solid polymer can be obtained from pentafluorophenyl vinyl ether in pentane solution by the use of boron trifluoride gas at -78°C. After 24 hr under these conditions, the conversion into polymer was 17 percent and the molecular weight (vapor pressure osmometer) was 10,000 (mp 75-88°C), Higher conversion (30%) and polymers having increased molecular weights (17,000) were obtained by longer storage times (7 days) at -78°C and by periodic addition of the catalyst, boron trifluoride-water. Some observations made during this latter process appear to indicate that the proportion of the co-catalyst (water) has more effect on the conversion into polymers than either an excess of boron trifluoride or longer reaction times, After 3 days, the amount of polymer formed is approximately the same as after the 24-hr period, but polymer formation again appears to increase when additional water or moisture is introduced. The polymer obtained in this fashion (17,000 mol wt) was a hard, white solid, It is soluble in benze ne, hexafluorobenzene, and acetone. The polymer is insoluble in methanol and in water. Also, the melting point, 55 to 60°C, is lower than that of the polymer of 10,000 mol wt.
Aluminum chloride and pentafluorophenyl vinyl ether in bulk at 35°C gave only blackish tars, However, a low molecular weight polymer was obtained when the polymerization was performed in benzene solution at 80 0c. Methanol was used to precipitate the polymer. Th e molecular weight was 2300 as determined with a vapor-pressure osmometer (benzene as solvent). The polymer thus obtained was a 238 yellow glass which melted over the range 120 to 180°C. The low molecular weight of the polymer is in accord , with recent observations [28] concerning the polymerization of various mono-and di-halogenated phenyl vinyl ethers, Cationic reagents, such as concentrated hydrobromic acid, have no effect on pentafluorophenyl vinyl ether. This is in contrast to the behavior of phenyl vinyl ether, which yields resinous materials after a slight induction period, Similar material was obtained by the addition of water to I-bromo-l-phenoxyethane, Again, by the use of high pressure (9500 atm) and y-irradiation (0,009 Mr/hr) at 105°C for 68 hr, a poly (pentafluorophenyl vinyl ether) having a molecular weight of 30,000 (vapor-pressure osmometry) was obtained in low yield, The polymer was a fluffy , pink solid, softening at 95°C and melting below 150°C.
Pyrolysis of the poly(pentafluorophenyl vinyl ether), 17,000 mol wt , at 300°C for 1 hr resulted in a 43.2 percent weight loss , and yielded mainly pentafluorophenol and a dark-brown glassy residue. The low order of thermal stability of this polymer was in accord with the results obtained from the pyrolysis of the smaller molecule.
-CH-CH2 -~ "'" CH=CH2 -.
The thermal stability of the poly(phenyl trifluorovinyl ether), 4,000 mol wt [29] , was shown to be greater than that of the poly(pentafluorophenyl vinyl ether) reported here. Since there are no hydrogen atoms on the polymer backbone in the former , phenol cannot be readily removed. However this polymer loses hydrogen fluoride quite readily , and this is followed by cross-linkin g and carbonization. Presumably, the removal of hydrogen fluoride is an intermolecular process. From the preceding evidence, it is , therefore, reasonable to assume that the poly(pentafluorophenyl 1,1,2-trifluorovinyl ether) prepared previously [1] should have good thermal stability, since there is no ready route to decomposition as experienced above , especially in the absence of hydrogen atoms, The difficulty still remains in producing polymers of high molecular weight.
Experimental Procedure
Infrared spectra were obtained with a Perkin-Elmer "Infracord," Model 137B spectrophotometer,3 using a 0.025-mm sodium chloride cell for liquid samples , or pellets containing 1·2 mg of the solid sample in 300 mg of potassium bromide. Molecular-weight a Ce rtain co mm ercial material s a nd equipment are ide ntified in thi s pa pe r in ord er to ade quately sp.ecify the expe rim ental procedu:e. In no case does suc h id e ntifi cation impl y reco mme ndatIOn or endorseme nt by the NatIOnal Burea u of Sta ndard s, nor d oes it imp ly that the mat erial or e quipm e nt ide ntified is necessaril y th e bes t av ailable for the purpose.
de terminati ons were mad e by vapor-pressure os mometry , usin g a I-perce nt solution of the polym er in be nzene .
. 1. 2-Pentafluorophenoxyethyl Bromide
a . In N,N-Dimethylformamide A solution of 50 g (0.23 mole) of potass ium pe nta-I fluorophenoxid e in 100 ml of N,N-dim eth ylforma rnid e was added to a solution of 50 g (0.27 mole) of 1,2-dibromoethane in 100 ml of N,N-dim ethylformamid e I maintain ed at 90°C. After a sli ght indu ction period , potassium bromide began to be precipitated and thi s in crea sed with tim e. Whe n th e addition was complete (0.5 hr) , the conte nts were refluxed for 2 hr, cooled, r and poured into 500 ml of water. At the end of thi s tim e period, th e mixture was cooled and poured in to 200 ml of water. The bottom layer was separated, drie d (CaS 04), and di still e d. After removal of 10 g of recovered 1,2-dibromoethane, 1.5 g (10.4%) of 2-pentafl uorop henoxye thyl bromide was obtained. No 1,2-bis(pentafluorophenoxy)ethan e was isolated from thi s reaction.
2-Pentafluorophenoxyethyl Chloride
To 18 g (0.2 mole) of 1,2-dichloroethane in 25 ml of N,N-dimethylformamide at 80°C was added 5 g (0.025 mole) of potassium pentafluorophenoxide in 25 ml of N,N-dimethylformamide. Wh en the addition was complete (0.5 hr), the mixture was re fluxed for 1 hr, cooled, and diluted with 150 ml of water. The us ual isolation and di stilla tion gave 3.1 g (56%) of 2-pentafluorophenoxy e thyl c hl oride, bp 74-75 °C/2 mm ; n5 0 = 1.4442.
Analysis: Calc ulated for CSH4ClF50: C, 39.0; H, 1.6; Cl,14.3. Found : C, 40.1 ; H, 1.9; CI , 12.9. To 100 g (1 mole) of 1,1,1-trifluoroethanol in 250 m! of te trah ydrofuran , 22.9 g (1 g-ato m) of sodium was added in s mall pieces. Whe n th e evolution of hydrogen had ceased, the solution was added dropwi se to a solution of 250 g (1.35 moles) of hexafluorob enze ne in 125 ml of pyridine, maintained at 80°C. When the addition was co mplete (2 hr), the mixture was reflux ed for 2 hr. The mixture was cooled , and filtered from th e so dium flu ori de. Th e filtrate was poured into 500 ml of 10 perce nt hydroc hlori c acid. The botto m layer was separated and dri ed (CaS O,,). Dis tillation afforded: 82 g (33%) of reco ver ed hexafluorob e nz ene; 159 g (66.2%, based on recove red C6F6) of 2-pe nta· flu orop henoxy-l,l,l-trifluoroe than e, bp 146. 9.5. Pentafluorophenetole P entafluoroph e netole was pre pared in mu ch the same mann er as reported prev iou sly [5] , exce pt that the following quantities were used: 150 ml of absolute e thanol, 150 ml of tetrahydrofuran , 22.9 (1 g-atom) of sodium metal, 250 g (1.35 moles) of hexafluorobenzene, and 125 ml of pyridine . P e ntaAuorophe ne tole was obtained in 74 percent yield (144 g), bp 152 to 153°C, n5 3 = 1.4120.
2-{Pentafluorophenoxy)ethanol
A solution of 25 g (0.2 mole) of 2-bromoethanol in 25 ml of tetrahydrofuran was added to a solution of 36 g (0.16 mole) of potassium pentaAuorophenoxide in 100 ml of tetrahydrofuran at 64°C. The mixture was reAuxed for 3 hr and cooled. The usual processing afforded 16 g (53%, based on recovered C6F5 0H, 6 g) of 2-(pentafluorophenoxy)ethanol, bp 82 to 83 °C/ 1.5 mm , n5 3 = 1.4419. (Reported [7] bp 110°C/IS mm). In the infrared spectrum, the absorption band (OH frequ ency) is at 3490 em-I.
Analysis: Calculated for C8H 5F5 0 t : C, 42.2; H, 2.2. Found: C , 41.6; H , 2.3.
2-{Pentafluorophenoxy)ethyl Acetate
To 5 g (0.02 mole) of 2-( pe nt a flu orop he noxy)e t ha noi and 5 g (0.05 mole) of ace tic anhydrid e was add ed 0.1 g of potassium acetate, and the solution was refluxed for 2 hr. The mixture was cooled, and poured into 50 ml of ice water. The solution was neutralized by the addition of saturated sodium hydrogen carbonate solution. The bottom layer was washed with 25 ml of water, separated, dried (CaCb), and distilled. 2-(pentafluorophenoxy)ethyl acetate was obtained in 71 percent yield, bp 90-91 °C/1.5 mm, n~o = 1.4352. (In the infrared spectrum there was an absorption band, > C=O, at 1740 em-I.) Analysis: Calculated for ClOH 7F 50 3 : C, 45.3; H, 2.6. Found: C, 44.6; H, 2.5.
2-(Pentafluorophenoxy)ethyl Trifluoroacetate
This compound was prepared as described above. 
Pentafluorophenyl Vinyl Ether
Eighty-two grams (0.45 mole) of pentafluorophenol, 5 g of potassium hydroxide, and 150 ml of N,N-dimethylacetamide were placed in a 1400-ml bomb which was then sealed. The bomb was attached to a highvacuum line by an outlet valve and tubing. After cooling (-190°C) and evacuating the bomb, 13.62 g (0.61 mole) of acetylene gas was condensed in the bomb which was then sealed and allowed to warm to 25°C: The bomb was rocked and heated to 200°C (at this temperature , the maximum pressure was 160 psi) for 1.5 hr or until no change in pressure was observed. The bomb was cooled and excess acetylene was allowed to escape. The contents was poured into 200 ml of water and extracted several times with 100-ml portions of dichloromethane. The organic layers were combined and dried (CaSO.j). After removal of the solvent by distillation, there was obtained 47.4 g (50%) of pentafluorophenyl vinyl ether, bp 141 to 142°C, nbo = 1.4252. The infrared spectrum shows the olefin bond at 1640 em-I.
Analysis: Calculated for CHH:IF 50: C, 45.8; H, 1.44. Found: C, 46.3; H, 1.50. From the residue, l,l-bis (pentafluorophenoxy)ethane (10%) was obtained; this had the characteristics described earlier. Small amounts of other products were also obtained, but these were not investigated.
Phenyl Vinyl Ether
This compound was prepared as described by Ritchie [9] , from 2-(pentafluorophenoxy)ethyl bromide and potassium hydroxide.
11. 1,2-Difluorovinyl Pentafluorophenyl Ether
An 800-ml bomb containing 100 g (0.45 mole) of anhydrous potassium pentafluorophenoxide, 300 ml of dry benzene, and 100 ml of dry (LiAlH.j) tetrahydrofuran was attached to a high-vacuum line, cooled (-196°C), and evacuated. In the bomb was condensed 110 g (1.34 moles) of 1,1,2-trifluoroethylene by means of the vacuum li ne. The sealed bomb was allowed to warm to 25°C. It was then rocked and heated to 230°C, at which temperature the pressure dropped from 1600 psi to 800 psi during 1 hr. The bomb was cooled and opened. The conten ts was poured into a flask and the liquids were flash-distilled. The residual solids were washed with benzene (100 ml), the benzene layer was combined with the flash distillate, and the liquid was distilled. After the solvents had been removed, there was obtained 36 g of a colorless liquid, bp 133 to 139°C, which contained 90 percent of 1,2-difluorovinyl pentafluorophenyl ether. A pure sample of this ether was obtained by preparative, vapor-phase chromatography, using a 20 percent Viton A-Celite (see footnote 3) column at 150°C. The pure vinyl ether (bp 132-132.5 °C, n~l = 1.3940, showing -CF=CFH at 1786 em -I in the infrared spectrum) was eluted first. The impurity appears to be mainly the saturated ether, pentafluorophenyl 1,1,2-trifluoroethyl ether, bp 155 to 158°C (impure).
Pyrolysis Procedure
The pyrolysis apparatus consisted of a Pyrex tube, 45 cm long and 1 em wide, having a female 14 120 joint at the top and a male 14 120 joint at the bottom.
A pressure-equalizing, 25-ml, addition funnel was placed at the top of the tube. The top of the funnel was connected to the nitrogen gas-inlet system. To the bottom end of the pyrolysis tube was fitted a 14 120 jointed connector which had take-offs to the first and second traps. The second trap was usually connected to a drying tube (atmospheric pressure experiments) or to a vacuum pump for experiments under reduced pressure. Both traps were cooled by solidified carbon dioxide acetone mixtures. The packing (5-in. cross section) was usually supported by a constriction in the glass tube. The tube was heated by a tube furnace to the desired temperature, and the compounds were added dropwise from the addition funnel. The nitrogen flow-rate was usually 3.5 cm:l/min. Other conditions are listed in tables 1 and 2. The first trap usually contained most of the pyrolyzate. Upon warming, a sample of the pyrolyzate was analyzed by vapor-phase chromatography, using columns of 20 percent silicone oil on Celite. Identification of the components of the pyrolyzate was made by comparison of the retention times with those of known samples. The relative percentage composition of the pyrolyzate was obtained from the peak height and width of the individual components.
Basic Reagents
The details are li s ted in table 3. The compound and th e aqueous potassi um hydroxide were mixed at 25°C, heated at 100°C for 1 hr, and cooled, and the aqueous so lution was extracted with dichloromethane to remove the neutral compounds. Acidification of the basic layer with 10 percent hydrochloric acid gave pentafluorophenol. Where potassium hydroxide pel-I .jets were used, a bed of solid potassium carbonate was employed, to protect th e glass surface during the reaction. The KOH-K2CO:1 mixture was heat ed , to 200°C before t he sa m pI e was added dropwi se.
Th e sample was then re fluxed from the KOH-K2CO:1 mixture for 30 min before allowing di s tillation to proceed. Cleavage products, usually pentafluorophenol, were obtained by acidification of th e base after dilution with water. Pyrolyses over 25 pe rce nt KOHcharcoal peJlets we re accom plished in th e sam e apparatus as describ ed above. Produ cts we re ide ntifi ed by vapor-phase c hromatography.
Acid Reactions
Conce ntrat e d s ulfuri c acid (98%) was th e only acid emplo yed in th ese reac tion s, li s ted in table 4 . Th e acid and th e co mpound we re mix ed at room te mpe rature, and heat ed at 125°C for 1 hI'. Mos t of th e co mpounds we re immi scibl e with th e reage nt, and, occasionally, s hakin g and s wi rli ng were necessa ry. Th e produ c ts we re iso lat ed by coolin g th e reacta nts to 0 °C and adding c ru s hed ice to th e ac id solution. Th e fluorocarbon laye r co uld be se parat ed from th e aqueous layer. Again, id e ntifi ca tion of th e produ cts was mad e b y vapor·phase c hromatograph y.
Polymerization Reactions a. Pentaftuorophenyt Vinyt Ether
(1) With a,a-Azobis(isobutyronitrile) (ABIN). To 1 g of pentafluorophe nyl vinyl e th e r in a Pyrex tube was added 0.01 g of ABIN. The tub e was attac hed to a hi gh-vacuum lin e and th e co nt e nt s degassed before th e tub e was sealed. It was th e n placed in a bath maintain ed at 60°C. After 24 hI', only a slight yellow color had de veloped. The te mpe rature was raised to 130°C. After 7 days, th e color was a dark er yellow, but no polym e rization had occurred. Reco vered monomer (97%) was th e main mat erial. Only a trace of a brown solid was obtained; thi s was not inv es tigated.
(2) With Aluminum Chloride. To 0.01 g of anhydrous aluminum c hlorid e was added a solution of 1 g of pentafluorophe nyj vinyl e ther in 5 ml of anhydrous benze ne. No reaction was observed at 25°C. The soluti on was warmed to 50 °C, and an additional 0.01 g of aluminum c hlorid e was added. An orange color now de veloped , and after refluxing the mixture for 2 hI', th e co lor changed to deep purpl e . After coolin g to 25°C, 50 ml of methanol was added to the benzene solution , and the polymer was allowed to se ttle.
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The polymer was a yellow, glassy material, mp 120 to 180°C, and its molecular weight was 2300 (VPO).
(3) With Boron Trifluoride. A solution of 3 g of pentafluorophenyl vinyl ether and 25 ml of pentane in a 50-ml flask was saturated with boron trifluoride gas. The flas k was then sealed, and stored at -78°C for 3 days; some white solid had then precipitated. Three drops of water were added to the mixture, and the mixture was sealed , and stored at -78 °C for 4 days . The tube was opened, and nitrogen was bubbled through the solution to remove the excess boron trifluorid e as gas. The tan, solid polym e r was removed by filtration, and dried under vacuum. The filtrate yielded 2 g of re co vered monomer. The dried polymer weigh ed 0.9 g (30% conversion). The poly(pentaf1uorophenyl vinyl ether) was dissolve d in 25 ml of benzene and filtered. The benzene solution was add ed to 20 ml of me thanol , and the white precipitate allowed to settle. After filtration and vac uum drying, the white polym er weighed 0. 31 g (mp 55 to 60°C). It was solubl e in be nze ne, hexafluorob enze ne, and acetone. The molec ular weight (VPO) was 17,000.
b. 1,2-Diftuorovinyt Pentafluorophenyl Ether
Into each of two quartz tubes was placed 1 g of 1,2-difluorovinyl pe ntafluorophenyl ether, and eac h tube was sealed. One of the tubes also contained 0.01 g of ABIN. Both tubes were irradiated at 25°C for 3.5 days with an ultraviolet lamp at a distance of 10 in. No reac tion was visible. The tubes were then kept in a furnace at 110 °C for 4 days. At the end of this period, the co nten ts of both tubes were blac k a nd viscous. Some solid was ob served in both tub es. The tube co ntaining ABIN had twi ce as muc h black liquid as the blank tube. The prod ucts of these reactions appear to be mainly dim ers .
